Changes in head injury with the New Zealand bicycle helmet law
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Abstract:  Povey et al. (1999) reported that the bicycle helmet law in New Zealand reduced adult head injuries by 28%.  However, the pre-law increase in adults wearing helmets (from 30% in 1990 to 43% in 1993) was accompanied by a fall of 45 in the number of head injuries per 100 limb injuries (ie -3.47 for every 1% increase in helmet wearing) compared with a fall of 11 when wearing increased from 43% to 93% with the law (-0.23 for every 1% increase in wearing).  Unless voluntary wearing is 15 times more effective in reducing head injuries, it seems likely that the apparent effects described by Povey et al. (1999) were an artefact caused by failure to fit time trends in their model.  Because the large increase helmet wearing with helmet laws have not resulted in any obvious change over and above existing trends, helmet laws and major helmet promotion campaigns should arguably be abandoned in favour of proven road safety measures such as education of motorists and cyclists, treatment of accident black spots and known hazards for cyclists as well as enforcement of speed limits and drink-driving laws. 

Introduction

Povey et al. (1999) fitted an exponential multiplicative model for the ratio of numbers of head injuries to numbers of limb fractures (HI/L) of cyclists admitted to hospitals in New Zealand.  They postulated that this model, stated to imply a 'diminishing returns' relationship for helmet use, fitted the data well because of a volunteer effect, whereby keen adopters were more likely to wear their helmets correctly and hence more effectively than more reluctant wearers. Though this may be true, huge variations in the efficacy of helmets depending on whether a cyclist is among the first 40% to wear helmets or the last 50% seem somewhat implausible and would have profound implications for policy concerning helmet laws.  In Australia, helmet laws reduced cycling by approximately 30% (Robinson, 1996).  Helmet laws would therefore be extremely counter-productive if most of the reduction in head injuries could be achieved with voluntary wearing.
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 Figure 1.  Percentages of adult and primary school child cyclists wearing helmets in New Zealand by year, and percentages with head injury following in accidents not involving motor vehicles.

It is therefore interesting to review the results of Povey et al. (1999), using data kindly supplied by the authors.   Figure 1 shows the proportion of head injured adult cyclists after crashes not involving motor vehicles (Figure 4 of Povey et al., 1999) together with the proportion of adult cyclists wearing helmets.  Data for primary school children are shown for comparison.  Though the changes in helmet wearing over time are very different for the two groups, head injury percentages show almost identical patterns (r=0.965), making it somewhat implausible that the changes in head injury for each group were due solely to changes in helmet wearing.  A previous analysis of New Zealand data (Scuffham and Langley, 1997) was not able to detect a significant reduction in serious head injury before the law as cycle helmet increased voluntarily, only a trend over time.  In contrast, Povey et al. did not fit a time trend in their models, suggesting that the time effect might have captured the helmet effect.

Distinguishing trends from effects of helmet wearing

Time trends and the effect of helmet wearing may, however, be plausibly separated by comparing the change in head injuries over a period with little change in helmet wearing with periods when helmet wearing increased substantially. In New Zealand, adult helmet wearing showed the greatest response to the law, increasing from 43% to 93% in a single year (Figure 1), compared with a very gradual increase from 30% to 43% in the 4 years pre-law, making this the most appropriate dataset to distinguish trends from the effect of helmets.

Povey et al. (1999) postulated that numbers of limb fractures may be used as an estimate of accident exposure.   Because the percentage with head injury changes smoothly and consistently over time (Figure 1), it is appropriate to estimate the pre-law effect by a simple comparison of 1990 with 1993.  To guard against any potential transition effects affecting the first year of the helmet law (1994), the effect of the law was estimated by a comparison of 1993 with 1995.  Head injuries per 100 limb fractures fell smoothly from 140 in 1990 to 94 in 1993 (Table 1).  This corresponds to a fall of 3.47 for every 1% increase in helmet wearing.  From 1993 to 1995, the fall was from 94 to 83 head injuries per 100 limb fractures (Table 1), a fall of only 0.23 for every 1% increase in helmet wearing.  Thus, if the data contain no time trends, every 1% increase in voluntary helmet wearing before the law was 15 times more effective in reducing head injuries than a 1% increase due to the law.  Such a remarkable discrepancy suggests either the presence of trends in the data, or that helmets worn purely because of a legal requirement are of very little benefit.

Table 1.  Numbers of head injuries and limb fractures to adult cyclists admitted to hospitals in New Zealand following crashes not involving motor vehicles, percentages with head injury, predictions of the ratio of head to limb injuries according to the model of Povey et al. (1999) and from fitting a trend derived from the ratio of head to limb injuries in children, and the percentage of adults wearing helmets

	
	Number of
	Head 
	Ratio
	Predictions of R
	Helmet

	year
	head injuries
(H)
	limb fractures
(L)
	Total
injuries

T=H+L
	injured
(%)

=100H/T
	head/
limb

R=H/L
	
Povey
	
Trend
	Wearing
 (%)

	1990
	127   
	91
	218
	30
	1.40
	1.19
	1.25
	30

	1991
	107   
	98
	205
	36
	1.09
	1.14
	1.15
	36

	1992
	95   
	89
	184
	41
	1.07
	1.11
	1.16
	41

	1993
	120   
	127
	247
	43
	0.94
	1.09
	1.00
	43

	1994
	101   
	117
	218
	92
	0.86
	0.79
	0.80
	92

	1995
	93   
	112
	205
	93
	0.83
	0.78
	0.85
	93

	1996
	87   
	113
	200
	87
	0.77
	0.82
	0.75
	87

	Change 1990-93
	
	  29
	13
	-0.45
	-0.10
	-0.25
	13

	Change 1993-95
	
	 -42
	50
	-0.11
	-0.31
	-0.15
	50


The model of Povey et al. (1999) related head injuries only to helmet wearing, so the fitted values considerably underestimate the pre-law change and over-estimates the effect of the law.  This is evident from Table 1, which shows fitted values calculated as:  HI/L = exp(( + (*helmet), using the published estimates of ( and (. Compared with an actual change if -0.45 in adult HI/L from 1990-93,  the prediction from the model of Povey et al. (1999) was merely -0.10 (Table 1).   In contrast, the model predicts a decline of 0.31 with the law, compared with the actual decline of 0.11.  Given the generally smooth nature of the lines in Figure 1, the comparison of 1995 with 1993 should provide a realistic and robust estimate of the effect of the law, without the need to make assumptions about the relationship between helmet wearing and head injuries.  Indeed the fact that the fitted values from the model grossly exaggerate the effect of the helmet law compared with the simple difference between 1995 and 1995 suggests that the model is not realistic and that the actual effect of the law was considerably less than the 28% fall in head injuries claimed in the abstract of Povey et al. (1999).

It is worth investigating whether a trend would provide a better fit to the data.  Trends, if present, should be common to all cyclists.  It therefore seems appropriate to use the mean HI/L for primary and secondary school children as an estimate of  trend.  Fitted values for adult HI/L, calculated by simple linear regression of mean children's HI/L are shown in Table 1.  The mean squared error, calculated as mean(predicted-actual)/(number of cases) was 0.0056 based on prediction from trend, compared with 0.0111 using predictions from the model of Povey et al. (1999)   Thus, in terms of mean squared error, the trend is a much better fit.

Other evidence of trends

Time trends in cyclist head injury data are not an unusual phenomenon.  Hendrie et al. (1999) showed that, in Western Australia the percentage of hospitalised cyclists with head injury followed almost exactly the same trends as those for vehicle drivers and vehicle passengers and pedestrians.  Robinson (1996) showed the percentages of cyclists with head injury after collision with motor vehicles in Victoria followed a very similar trend to those for pedestrians.   For New Zealand, the time trends in HI/L for cyclists were not explained by variation in the HI/L ratio for non cyclists (Povey et al. 1999).  However, the latter may be substantially influenced by other factors not likely to influence the age groups most often involved in cycling or road accidents in general, such as osteoporosis awareness programs directed at the elderly .

A trend unrelated to helmet wearing was, in fact, evident in the New Zealand data - a gradual and almost linear decrease in the percentage of head or limb injuries involving a motor vehicle, from approximately 30% or total in 1990/91 to 21% in 1996.  A similar steady decrease in motor vehicle involvement (from 24.6 in 1987/88 to 18.9% in 1992/93) was reported by Marshal and White (1994) for South Australia.  These clearly evident long-term, gradual trends may reflect a trends in the popularity of different types of cycling, for example a decrease in cycling for transport and an increase in recreational cycling.  If so, it is quite possible such changes would affect the risk of head injury for cyclists even after accounting for motor vehicle involvement, independently of the changes in HI/L for non cyclists.  

A reduction in head injury due to increased helmet wearing is plausible only if the change in head injury coincides with the increase in helmet wearing.  This was not the case for adults, so we must conclude that trends were the most likely cause.  Because child helmet wearing increased more gradually, it is more difficult to distinguish between trends and the effect of helmets.  However, it is hard to comprehend why helmets should be effective for children, but no beneficial effect be observed with the increase in adult wearing from 43% to 93%.  Furthermore, the percentage of head injuries in both primary and secondary school children correlated more strongly with the percentage head injuries in adults than their respective helmet wearing rates.  Thus rather than assume helmets work for children, but not for adults, it seems more plausible (as well as a better fit to the data) that similar trends affected all three age groups.

Costs and Benefits

Hansen and Suffham (1995) estimated the cost of the New Zealand helmet law for adults was more than $15 million over a 3-year period, which was considered to be the protective life of an undamaged helmet in normal use.  This is a most substantial cost, for no clear benefit.  For Western Australia, the helmet law (excluding any losses from reduced cycling) was estimated to cost more than twice any benefits from reduced head injury (Hendrie et al. 1999).  Adding in the costs of alternative transport as well as the health and environmental costs of reduced cycling would have resulted in an even less favourable cost benefit ratio. 

Many road safety initiatives, including education of motorists and cyclists have been shown to result in large reductions in road trauma.  For example, Durkin et al. (1999) describe a road safety education program for child pedestrians and cyclists which reduced injuries by 36%.  Powles and Gifford (1993) reported that the estimated saving of £100 million in Victoria in 1990 from a highly successful road safety campaign directed at speeding and drink-driving was many times the outlay of £2.3 million. Road safety programs should be based techniques such as the above, which have been shown to be exceedingly successful and cost effective, without disadvantages such as discouraging cycling, rather than mandating helmet wearing.
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